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on Fragment Length Polymo 



[if^l] (1) HLAj^g-7-£"&tfDNAB«f£ rphlsm) ft, PCR-SSO (Sequence 
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-^SttT, RMDNAIftfr£^K>^ffl:/n~7£ P. 2 2 7 - 2 3 5 ; *M8?. Vo 
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JP,06-303998,A 
[Claim(s)] 

[Claim 1] (1) After denaturing a DMA fragment containing an HLA gene and 
cons i der i ng i t as a s i ng I e str and, (2) Make i t annea ! w i th a probe for typ i ng 
specif ical ly combined with a specific field of an HLA gene, Make combination 
of the purpose ONA fragment and a probe for typing form, and After an 
appropriate time [ (3) ]. (4) Make an insoluble substrate which fixed ligand 
specifically combined with the target DNA fragment contact, combine 
combination of the purpose ONA fragment and a probe for typing with this 
base material, and rank second, An HLA typing method making a probe for 
typing e luted from a base material, and analyzing the elution pattern by 
raising temperature gradually. 

DETAILED DESCRIPTION 



[Deta i I ed Descr i pt i on of the I nvent i on] 
[0001] 

[Industrial Appl i cat ion] This invention relates to the typing method of 
investigating the polymorphism of an HLA gene directly on a base sequence 
level, in more detai I about the method of determining the HLA gene type 
of an individual (typing). In molecular biology, gene engineer ing, and the 
field of industry relevant to these, the HLA typ i ng method of th i s invention 
is useful. 
[0002] 

[Descr i pt i on of the Pr i or Ar t] A ma jor hi stocompat i b i I i ty comp I ex (MHC) i s 
on the 17th chromosome with a mouse, and the HLA (Human Leukocyte Antigen) 
gene complex in a 6th chromosome short bowl is equivalent to this in Homo 
sapiens. Advanced polymorphism is looked at by an HLA gene and the HLA 
antigen although human systematic affinity is determined by the HLA gene. 
[0003] The HLA ant i gen i s deep I y concerned w i th b i ophy laxis mechan i sms, such 
as an immune response and disease susceptibility. Detection of the 
her i tab I e var i at i on of an HLA reg i on i s usef u I on typ i ng of the organ i zat i on 
for selecting the pair of the donor (donor) with whom the HLA gene agreed, 
and a recipient (recipient) when transplanting, and inhibiting the 
rejection of a transplant to the minimum. The success percentage of 
transplantation becomes high, so that a donor and a recipient are 



hereditar i ly near. When HLA typi ng gets to know the genetic susceptibi I ity 
over an autoimmune disease, it provides important information. Since an 
HLA gene seat shows advanced po! ymorph i sm, it can apply HLA typing to the 
individual judgment in legal medicine, a paternity test, etc. 
[0004] Convent i ona I I y, HLA typ i ng has been performed by the method of typ i ng 
an HLA antigen by the minute amount cytotoxic test (serological method) 
to a lymphocyte, mixed lymphocyte culture (the cyto logical method), etc. 
On the other hand, many proposals are made in recent years about the DNA 
typing method for investigating the polymorphism of an HLA gene directly 
on a base sequence level. These DNA typing methods are sharp and more exact 
methods compared with the immunological typing method. 
[0005] As an HLA typing method in a DNA level, For example, the PCR-RFLP 
(Restriction Fragment Length Polymorphism) method, PCR-SS0 
(SequenceSpecif ic 01 i gonuc I eot i de) — law etc. are known as a typica I thi ng 
(an PCR experiment manual, p. 227-235; the experimental medicine, Vol.8, 
p. 1094-1099). 

[0006] The PCR-RFLP method makes the f i e I d wh i ch is r i ch i n the po I ymorph i sm 
of an HLA antigen gene by PCR (Polymerase Chain Reaction) amplify 
se I ect i ve I y, as opposed to this amp I i f i ed DNA — allele (allele) — it is 
the way electrophoresis detects whether it is cut or not using the 
restriction enzyme which recognizes a specific base sequence and is cut. 
However, this method has faults, such as that the base sequence of the 
genetic area which should type needs to be clarified, and needing the 
restriction enzyme of various sorts. 

[0007] DNA which amp I if ied the PCR-SS0 method by PCR — a! loantigen — it 
is the method of determining whether carry out a hybrid to a specific 
oligonucleotide probe. In the dot blotting in the PCR-SS0 method. After 
amp I ifying the target HLA gene by PCR, it fixes by a dot blot in a membrane, 
hybridization is carried out to the probe which carried out the sign of 
each membrane, and an enzyme reaction or autoradiography detects the united 
probe. In the reverse dot blotting in the PCR-SS0 method. Fix an 
ol igonucleotide probe to a f i lm and hybr i di zat i on of the PCR output by which 
the sign was carried out is carried out, The coloring reaction by an enzyme, 
etc. detect a specifically united PCR output (Proc. Nat I . Acad. Sc i . USA, 
Vol.86, p. 6230-6234-1989). 

[0008] However, since a signal is obtained in the conventional PCR-SS0 



method only when a probe and the purpose DNA fragment join together, In 
order for the amount of information obtained from one probe to analyze the 
polymorphism of complicated DNA like HLA typing few therefore, it is 
necessary to use many probes. 
[0009] 

[Problem(s) to be Solved by the Invent ion] The purpose of this invention 
is to provide the method of typing the polymorphism of an HLA gene easi !y 
on a base sequence level, this invention person paid his attention to the 
strength of the interaction in complementary DNA-DNA hybridization. 
Depending on stability, the base sequence of DNAs forms the hybrid to a 
high temperature, in being completely complementary, but the melting 
temperature (Tm) of a DNA-DNA hybr i d. when a mi smatch (mi smatched base pa i r) 
is in one or more places, stabi I ity wi I I be markedly a I ike, wi I I fa I I and 
will dissociate at a Sow temperature. And a melting temperature changes 
also with kinds of mismatch. 

[0010] Then, the o! i gonuci eot i de probe (probe DNA) which has complementary 
arrangement in a DNA region to analyze is produced, if probe DNA and the 
purpose melting temperature of DNA are analyzed after making the hybrid 
of purpose DNA in sample DNA, and probe DNA form, the information about 
th i s field of purpose DNA conta i ned in samp I e DNA i s acqu i red, and the base 
sequence in a field can be presumed from this. 

[0011] By using the insoluble substrate which fixed as I igand DNA which has 
a complementary base sequence in the DNA fragment made into the purpose, 
in order to capture the target DNA fragment, The hybridization thing of 
probe DNA and purpose DNA is made to fix on a base material, and it ranks 
second, and fusion of probe DNA and purpose DNA can be detected when probe 
DNA dissociates from this base material. 

[001 2] HLA typing is possible in being able to measure the dissociation 
temperature of probe DNA correctly and analyzing this by raising 
temperature gradually and making probe DNA dissociate, column-izing an 
insoluble substrate and controlling column temperature precisely. This 
invention comes to be completed based on these knowledge. 
[0013] 

[Means for Solving the Prob I em] After denaturing a DNA fragment containing 
(1) HLA gene and considering it as a single strand in this way according 
to this invention, (2) Make it anneal with a probe for typi ng specif ica I iy 



combined with a specific field of an HLA gene, Make combination of the 
purpose DNA fragment and a probe for typing form, and After an appropriate 
time [ (3) ], (4) Make an insoluble substrate which fixed I i gand 
specifically combined with the target DNA fragment contact, combine 
combination of the purpose DNA fragment and a probe for typing with this 
base material, and rank second, By raising temperature gradual ly, a probe 
for typing is made e luted from a base material, and an HLA typing method 
analyzing the elution pattern is provided. 

[001 4] Hereafter, this invention is explained in ful I detail. An insoluble 
substrate used by thi s invent i on i s usua I I y the shape of a f i Im, or part i cle 
state, For example, metal particles, such as organic high polymer ; aluminum, 
such as inorganic polymer; nylon, such as silica gel, porous glass, and 
graphite, a nitrocellulose, and polytetraf luoroethylene, and an apatite; 
ceramic particle [, such as alumina, ]; etc. can be illustrated, These 
surfaces may be reformed chemically and physically. When a base material 
is particle state, 0. 1-500 micrometers of sizes of particles are usual ly 
about 1-10 micrometers preferably, and 100-4000 A in an aperture of 
particles is usually about 1000-4000A preferably. 
[001 5] Li gand fixed in an insoluble substrate is an synthetic 
oligonucleotide (synthet i c DNA) . The length of I i gand has a long time more 
preferred than a probe for typing, and is usually 30 - 60base preferably 
20 to 100 base (base). It is made for a base sequence of a synthetic DNA 
made i nto I i gand to become as comp I ementary as a base sequence i n the purpose 
DNA fragment. 

[001 6] A coupling method of I i gand and a base material various kinds of 
functional groups (acarboxyl group, an ami no group, a hydroxy I group, etc.) 
introduced into a base material as it is, Or after processing with a 
condensing agent or activators (tresyl chloride, a water-soluble 
carbodi imide, etc.), functional groups, such as an amino group and a thiol 
group, are made to react to a synthetic DNA introduced into an end. 
[001 7] A probe for typing is an synthetic ol i gonuc I eot i de (synthetic DNA), 
and the length is usually 20 - 30base preferably 15 to 50 base. Although 
the number of probes for typing may be one, they choose several kinds of 
fields i n an HLA gene and usual ly design two or more sorts of probes type 
efficiently according to the polymorphism of an HLA gene made into the 
purpose. 



[0018]The probe for typing can combine a marker, in order to raise detection 
sensitivity. As a substance which carries out a sign, enzymes, such as 
haptens, such as a f luorochrome and biotin, and a! kali FOSUTAZE, etc, are 
used. Fluorescein, a rhodamine, Europium, etc. are used as a f luorochrome. 
If several sorts of coloring matter in which fluorescence wavelengths 
differ like fluorescein and a rhodamine is used at this time, two or more 
kinds of typing probes can be detected simultaneously, and quick analysis 
is possible. 

[001 9] as the coup! i ng method to a synthetic ONA of a marker — functional 
groups (an i sothi ocyanate group, a carboxyl group, an amino group, etc.) 
in a marker — as it is — or after being activated, a method of making 
it react to a synthetic DNA with functional groups, such as an amino group 
and a thiol group, is used. A marker is usually combined with an end of 
a synthetic DNA. 

[0020] It i s preferred to use the technique of affinity chromatography which 
makes a stationary phase an insoluble substrate which fixed ligand 
specifically combined with the purpose DNA fragment in a method of this 
invention. In order to perform quick processing, it is preferred to use 
high performance chromatography (HPLC) . 

[0021] The chromato-tube of a column can bear hydrostatic pressure of 100 
kg/cm 2 , and especial ly if it i s an i nact i ve th i ng, it wi I I not usually be 
i i mi ted to a so I ut i on. For example, mineral matter, such as plastics, such 
as metal, such as stainless steel, high density polyethylene, and 
polystyrene, and glass, can be used. An inside diameter of a chromato-tube 
is usually 1-5 mm preferably 1-20 mm. The length of a chromato~tube is 
usually 1-10 cm preferably 1-30 cm. 

[0022] The rate of f I ow in the case of I i quid send i ng to a co I umn i s usua I I y 
a part for 0. 05-0. 5-mi /preferably by 0. 01-1-ml/. A solution which sends 
the liquid in a column will not be limited especially if neither a base 
material nor a chromato~tube is invaded. For example, organic solvents, 
such as methanol, ethanol, and acetonitr i le, may be mixed by this in 
solution containing solutes, such as NaCI and EDTA. 

[0023]the length of the target DNA fragment — usual ly — 50base- 10 kbase, 
it is 100 - 2kbase preferably, and what was cut by what was prepared by 
PCR, rest r ict ion enzyme process i ng, or a physical method, athing included 
in a vector, etc. are used. A single strand or 2 chains may be sufficient 



as a DNA fragment. 

[0024] A! though a thermostat, a column heater, etc. are used for temperature 
control of a column, i n order to control temperature in a column correctly, 
especially its constant temperature bath is preferred. If a rate of 
temperature rise is too early, existence of variation and discernment of 
a kind will become difficult, but when too late, there is a problem that 
analytical time starts for a longtime. It i s usual ly preferably considered 
as 0. 5 ** a part for /- and a 1.0** part grade for /by part [ for 0. 1 **/- ], 
and 3 **/f rom thi s. 

[0025] Combination with a probe for typing and the purpose DNA fragment is 
performed by mixing a probe for typing, after denaturing the purpose DNA 
fragment by heat or alkali treatment. 

[0026] It combines with an insolubie substrate in a column by putting in 
a connective of this probe for typing, and the purpose DNA fragment in a 
column maintained at a fixed temperature. 

[0027] After denaturing a DNA fragment containing (1) HLA gene and 
considering it as a single strand, a specific field of (2) HLA genes is 
made to anneal with a probe for typing combined specifically, and 
combination of the purpose DNA fragment and a probe for typing is made to 
form in it i n a method of th i s i nvent i on. Mu 1 1 i p i e se I ect i on of the spec i f i c 
field of an HLA gene i s made, and if a probe for typing specif ica I ly combined 
with these is also created two or more kinds, an HLA gene of many types 
can be correctly typed with several kinds of probes for typing by the 
following operations. 

[0028] After an appropriate time, an i nso I ub I e substrate whi ch fi xed I igand 
which combines specif ica I ly sample DNA which performed said process i ng wi th 
a DNA fragment made i nto the (3) purposes i s made to contact, and combi nat i on 
of the purpose DNA fragment and a probe for typing is combined with this 
base material. As for an insoluble substrate which fixed ! igand, it is 
preferred to stuff a column and to operate it with a I i quid chromatography 
device. Subsequently, a probe for typing is made e luted from a base material 
by raising (4) temperature gradually, in this case, if completely 
complementary in a specific field and a probe for typing of the purpose 
DNA fragment, e ! ut i on temperature is high, i f there i s a mi smatch, elution 
temperature becomes Sow and that temperature is different according to a 
number and a kind of mismatch. Then, if elution patterns, such as elution 



temperature of a probe for typing, are analyzed, an HLA gene which shows 
advanced polymorphism can be typed easily. As for a sample DNA fragment 
containing the purpose DNA fragment, it is desirable to use a thing 
increased by the PCR method. 
[0029] 

[Example]An example is given to below and it explains more concretely about 
this invention. 
[0030] [Example 1] 

(1 ) The des i gn HLA-DQA gene of the probe for HLA-DQA typ i ng i s d i v i ded i nto 
the type of 1-4 as shown in Table 1, and Type 1 is further divided into 
the subtype of 1.1, 1.2, and 1.3. 
[0031] 

[Table 1] 

i i . TTOATGGAGATGAGGAGTTCTACGTG^ 

m pn-z 



C — — A 

- c _ T T M--T CT CA--G-C A-A- ATT 

-€ T T A--T CT C — G A— A-A An 

pFa 

C G T T-T-T TTC AC A-A- ATT 



As shown in Table 2, three kinds of probes were designed distinguish all 
the combination (all the 21 kinds) of six kinds of this DQA type of 
homozygote, and heterozygote. 
[0032] 
[Table 2] 



(7n-7 




i) 


PR-1 


5' 


X GGT CCA CGT AGA ACT CCT CAT CTC C 3' 


PR-2 


5' 


X CAG TCT CCT TCC TCT CCA GGT CCA 3' 


PR-3 


5' 


X ACA GAG GCA ACT GCC AGA CAG TCT C 3' 






(1-.7VW 2) 



[0033] DNA (PR-1, PR-2, and PR-3) of these arrangement was compounded with 
the DNA synthesis machine, and the sign of FITC (fluorescein 
isothiocyanate) was carried out with the conventional method. These probes 
for typing are designed combine with the specific field of the HLA gene 
(the subtype 1.1 and Type 3) shown in Table 1 specifically (field 
corresponding to numerals PR-1 i I lustrated a I I over Table 1 , PR-2, and PR-3) . 
[0034] (2) From the production HLA-DQA gene of the ligand fixed column, 
45base common to each type was chosen, and DNA which has a base sequence 
shown i n Tab! e 3 wi th a DNA synthes i s mach i ne was compounded. Thi s synthet i c 
DNA is Ngand specifically combined with the DNA fragment made into the 
purpose. 
[0035] 
[Table 3] 



5' XTT TTT CAC GGA TCC GGT AGC AGC GGT AGA GTT GGA GCG TTT AAT C 3' 

Cl:Ty W 2) 



[0036] After carrying out anneal ing of this DNA6mg to equivalent weight of 
complementary strand DNAs (DNA for protection) in 1 MNaC I of 300microl, 
0. 04M NaHC0 3 (pH 7.5) 300microl was added and it was made to react to 300 
mg of tresyl chloride activation silica gel (Nucleosi! 1000-0H, the 
particle diameter of 7 micrometers, 1000 A in an aperture, the product made 
by Nagei) for 24 hours. After ending reaction, after removing superfluous 
DNA, by washing at 65 ** among 2. 4MTEACI, the two DNA chain was made to 
dissociate, it was considered as the single strand, and the DNA fixed base 
material was produced. (The amount of immobilization: 2.0 mg/g dry gel) 
It was suspended to buffer for packings (0. 5M NaCl, 10mM phosphoric acid, 
1mM EDTA, pH 7.0), this base material was put into the packer, buffer for 
packings was sent, and the column (phi2. 1mx10m) was f i I led up with the base 
material. 

[0037] (3) 242bp of the HLA-DQA f teld was amp I if ied by PCR using the primer 
shown in the production table 4 of the purpose DNA fragment twisted to PGR. 
[0038] 
[Table 4] 



la-Ik 5' GTG CTG CAG GTG TM ACT TGT ACC AG 3' 
5' CAC GGA TCC GGT AGC AGO GGT AGA GTT G 3' 



[0039] (4) The ! i gand fixed column prepared with the analysis above (2) by 
the column of the purpose DNA fragment was connected to the 
h i gh-perf ormance-chromatography dev i ce (made by Waters) . (Solution: A part 
for 40%, EtOH, 10mM phosphoric acid buffer, 1mM EDTA, and 0. 1 ml of pH 6. 7 
rates-of-f I ow/) 

After carrying out thermal denaturation of the PCR product 10mul obtained 
above (3), the probe for typing was made to mix and anneal and injection 
was carried out to the column which kept it warm at 30 **. After pouring 
the solution for 10 minutes and washing the inside of a column, column 
temperature was raised and the fluorescence detector (FS-8010, T0S0H make) 
detected the typing probe eluted (a part for 30 ** - 60 **, and 
heating-rate/of 0. 5 **). 

[0040] (5) The DNA sequence of HLA typing each typing probe in the analysis 
of an analysis result and HLA-DQA each type supports Tables 5™7 so that 
it may be shown. 
[0041] 
[Table 5] 











1.1 5' 


GGA GAT GAG GAG TTC TAC GTG GAC C 


3' 


(A) 


1.2,1.3,4 5' 


GGA GAT GAG CAG TTC TAC GTG GAC C 


IT 


(8) 


2,3 5' 


GGA GAC GAG GAG TTC TAC GTG GAC C 


3' 


(0 


PK-1 3' 


CCT CTA CTC CTC AAG ATG CAC CTG GX 


5" 




(A) 1.1 








(B) 1.2,1.3,4 


-* 10-OC iXirt 






(0 2,3 


~* 6-AC f 







[0042] 
[Table 6] 



<PK-2> 










1.1,1.2,2,3 


5' 


TGG ACC TGG ASA GGA AGG AGA CTG 


3' 


(A) 


1.3 


5* 


TGG ACC TGG AGA AGA AGG AGA CTG 


3' 


CB) 


4 


5' 


TGG ACC TGG GGA GGA AGG AGA CTG 


3' 


(0 


PR-2 


3" 


ACC TGG ACC TCT CCT TCC TCT GAC 5 


5' 




(A) 1.1,1.2,2,3 








(B) 1.3 




-* 13-AC Unf 






(0 4 




-* 10-GT ltt?f 







[0043] 
[Table 7] 

(PH-3) 

2 5' AGA CTG TCT GGA AGT TGC CTC TGT 3' (A) 

3 5' AGA CTG TCT GGC AGT TGC CTC TGT 3" (B) 
PK-3 3* TCT GAC AGA CCG TCA ACG GAG ACA X 5" 

(A) 2 - m:®m 

<B) 3 -+ 12-GC ;*rjf 



ElutSon temperature supports [ elution pattern / in front / these / A, B, 
and C ] elevated-temperature (A), a moderate temperature (B) , and low 
temperature (C) relatively, respectively. 

[0044] As shown inTab!e8, the type of 21 k i nds of HLA-DQA i s di st i ngui shab le 
by using these three probes by analyzing this elution pattern. 
[0045] 
[Table 8] 





DQA 






PR - 3 




— bL — 








1 




B 


__ 




1.3 


B 


B 




2 


c 


A 


A 






c 


A 


B 








c 








— Ai — 




















— 15 — 


— T — 


A 






AC 


— „ — 






U4 


AB 


AC 








B 


AB 




r 


— r^i — 






A 


m 


— Ti3 — 


— ic" — 


X 


B 




"Til — 





AC 






1.3,2 


BC 


AB 


A 




1.3,3 


DC 


AB 


B 




1.3,4 


B 


BC 






2,3 


C 


A 


A 




2,4 


BC 


AC 


A 




3,4 


BC 


AC 


B 



[0046] The e I ut i on t i me of each samp I e and the measurement resu It of e I ut i on 
temperature are shown in Table 9. 

Experimental -condition eluate: 40%ethanol, ImMEDTA, 10mM phosphor i c ac i d 
buffer <pH 7. 0) 

rate-of-f low: — 0. 1 ml/min column temperature: — 30 ** - 60 ** (0.5 ** 
/ mi n) 

A sample is put in and it is a rise in heat from the 10-minute backward. 

[0047] 

[Table 9] 





PR- 1 


PR — 2 


PR — 3 


DQA 




mm 
nm 
m 


mm 
mm 

CO 




m 


CO 




m 
mm 


mm 
mm 

CO 


1 


BC 


19.28 


34,6 


A 


37.10 


43.6 


B 


22.50 


36.2 


2 

(1.3,1.3) 


B 


21.49 


35.7 


B 


20.91 


35.5 


_ 




- 


3 

(1.1,3) 


A 

C 


35.50 
18.39 


42.7 
34.2 


A 


36.83 


43.4 


B 


22.43 


36.2 


4 
(3,3) 


c 


18.88 


34.4 


A 


36.52 


43.3 


B 


22.64 


36.3 


6 

(1.2,1.3) 


B 


20.58 


36.3 


A 
B 


36.81 
20.89 


43.4 
35.4 


- 


- 


_ 


6 

(1.3,3) 


BC 


19.48 


34.7 


A 
B 


35.22 
19.75 


42.6 
34.9 


B 


22.50 


36.3 


7 
(2.2) 


C 


18.02 


39.0 


A 


35.02 


42.5 


A 


33.60 


41.8 


8 

(2,4) 


BC 


19.10 


34.6 


A 

C 


35.90 
30.90 


43.0 
40.5 


A 


32.90 


41.4 


9 

(1.2,2) 


BC 


19.10 


34.6 


A 


35.68 


42.8 


A 


33.29 


41.8 


ID 
(1.1,4) 


A 

B 


33.61 
20.62 


43.3 
35.3 


A 

C 


36.34 
31.0 


43.2 
40.5 









(Footnote) Elution temperature = (elution time-10) the elution pattern 
about /2 +30 ** each probe and average elution time are shown in Table 10. 
[0048] 
[Table 103 





mm (i» 


PR - 1 


PR -2 


PR -3 


A 


35.98 


36.13 


33.12 


B 


20.89 


20.52 


22.52 


C 


18.48 


31.00 




BC 


19.28 







[0049] 



[Effect of the Invent ion] According to this invention, it is possible to 
perform HLA typing promptly using a small number of probe for typing 
comparatively, and the conformity in the case of an organ transplantation 
and a bone marrow transplantation can be investigated, or it can use for 
fields, such as individual judgment in legal medicine, a paternity test 
or disease susceptibility diagnosis, and anthropology. 



[Translation done. ] 



